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Introduction: 

IR Reflecting Black pigments are commonly used in R-PVC applications where 0 *e*U«t 

wrth these HfMMi, „ vinyl «JlHg Md vinyl window profile In both of the* ^£ 
n*!frim ° r * ral,aity do * T ** Of heat build-up are key factors in tho^ro^cti 
performance. I has been well documented that the » reflecting black pigment, give superior 

SpTchr^ T * bUfld ' UP 0VW ° ther ahem ' te bl * Ck ^ bon 

Within the IR reflecting black pigments, essentially three basic types with regard to color and 
composraon can be defined. On. area is covered by Pigment Black 30 1 . - CrFeNiMn (approx. 
lgy.asFeXwh.charetyp.ealhybWgreeninrfHde. Theother two types are both dastfed as 
'Pigment Green 17 , (CrPe) which differ wlchrwpect to the CrJe-rZ Tfcetwo 
classified as approoraawry 11% It containing pigments, which are in me recVyeUowcolor space 
and approximately 3494 Fe containing pigmenis, which are recVblue ia shide(Figure 1). The iha 
of This paper is to try to differentiae the perfornunce of the three black pigment ranges as 
individual pigments and in a few typical vinyl siding studc*. 



The Design: (also see the "General Information" attachment) 

Although, IR Reflecting black pigments are the primary pigment used in gray vinyl siding shades, 
they are used more often in combination with C X Pigment Brown 24's(CrSbTrs) & CX Pigment 
YeDow 164's(MnSbri'0 to nuice a wide variety of shade* The design of this study ia to look at 
the heat build-up and weathering of the Individual black pigmentaferay) and to also evaluate their 
performance in a few typical siding shades - light, medium, and dark belgefFigures 2 - 4). 

The R-PVC compound used for this report is Tin Mercaptide stabilized and contains lOplvr Ti0 2 
All IRReflecting black pigments used are commercially available codes with one C I Pigment 
Black 30H8%Fe) and one C.I. Pigment Green 17(~34'/. Fe) being used. However, since there 
is a wider range of pigments in the CX Pigment Green 17, lowFe" area that vary somewhat in 
both % Fe content and shade, the results reported for C.L Pigment Green 17(~] 1% Fe) are 
average values from three commercially available grades. 

rhe light, medium, and dark beige shades results reported are averages of a number of color 
matches where the match consisted of combination of an IR Reflecting black pigment, a CX 
Pigment Yellow 164 wdaCX Pigment Brown 24. Chrome oxide green was used as a shading 
component when necessary. The IR reflecting Wack and C.I Brown 24 pigments for each match 
were varied, while a single C.L Yellow 1 64 pigment was used in iH matches. In compiling the 
results, the CX Brown 24 pigments used showed very little variation with regard to IR 



1 It ihonJd be noted Uui urn oomnvcially tvailabla pi pa cola considered u C.I. Pigment Greta 17'» ia this 
PtptT ve classified is CX Fi£neot Brou* 35's anxirdlsi* to their inatiufactunrs. 
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reflectance and weathering performance. Therefore, although i number of eornmerciilly available 
CrSbTi'i were used, thoy were considered for reporting purpose* to be a single pigment. 

AH weathering results were from South Florida outdoor weathering • ASTM #07-19 guidelines 
were followed. The % IX. reflecting was measured on a Dataeolor CS9000 spectrophotometer. 
Heat build-up results were compiled using i Cerdec designed unit, which does not conform to the 
A5TM D4S03 spedfieation. Therefore the heat build-up result* are used for relative comparisons 
only. 



The Rejults: 

In looking at the individual black pigment types, some clear differences are apparent The Pigment 
BlackJO contains -1*'/. Fe, while the two Pigment Green 17's contain -11 and-34%Fe 
«spectively(G«ieral Info, attachment). TheIR reflectance/Heat build-up resulu(Figurej 5 - 12) 
on the individual black pigment types show that the Pigment Black 30 has lower •/. IR 
Reflectance by approximately 10 • 20% than either of the Pigment Green 17 a and therefore a 
higher degree of heat build-up. 10 - 1 S'C. The one year SouthFlorida weathering resultsCFigure 
13) show that the Pigment Black 30 is weathering the best it this jufie, followed by the -1 Mi Fe 
ccoainingCJ. Pigment Green 17, and the poorest weathering is exhibited by *e -34% Fe 
containing black. Since Fe is well known to have a deleterious effect on R-PVC, these results are 
not surprising. 

Far the "matched shade*" the •/. IR Reflectance and heat build-up resulta ahow exactly the same 
trends* seen with the individud black pigments(Figures 7,9.& 11). However, its very 
Sonant to note that the relative differenees for both IR Reflectance A Heat Build-up , between 
uJ imatehed shade. based on the different a Reflecting blackpigmenu are muA snaUer ft™ for 
the individual black pigments. Since Pigment Brown 24 and PtgrnentYeUow 1641 both tavt higher 
IR reflectance than any of the IR reflecting blacks the net differences in both % IR Reflectance 
and Heat Build-up of the matched shades is greedy reduced. 

The overall South Florida weathering results on the matched shades show that again, the 
Piement Black 30 based matches give the best weathering re suits (Figure 14). However, it is 
testing to note there is a reversal of the relative weathering results hetween the Pigment Green 
17 tvee blacks. The matches based on the -34% Fe containing black, although tlightty poorer 
tfJithe Pigment Blade 30 baaed shades, are are performing better than the matches based on the 
-11V. Fe coining black pigment. This reversal can not be explained by looking « the avenge 
%Fe content of each matched ahadeCFigure 15^ Tie -j^^^^^T* 
significantly lower Fe content than for the matches basedon fte -34V. Fe cont^ebU^e 
oHeceoT data that show, some correlation to the weathenng result, on the b«ge matches « 
Sud -narts per hundred weighi-<pnr) oflRIUOecting black p.gment eontuned »t 
^SSlO The»e ahow the Pigment Black 30 based matches contain the least amount of 

the matched on the -34V. Fe containmg black ^w «dy slighuy 
SghlaSuoJblackpigrnentuse.^^ 
pigment have, by far, the highest loading of Mack pigment 
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Conclusion i/Questionr. 

1) The heat build-up results show clearly that formulas based on Pigment Black 30 would 
generally run slightly "hotter" than formulas based on either of the Green ]7 type blacks. 
However, in the color ranges evaluated, the heat build-up differences are relatively small for the 
"matched shades". One of the most important points to note is that the heat build-up differences 
seen in this study show no condition to weatherability. 

2) Care should be taken in using weathering of the individual black pigments to predict relative 
weathering performance of a "matched shade", The weathering results clearly showed that the 
Green 17 containing -34% Fe to be the poorest weathering pigment when tested mdrvidually, but 
to have significantly better performance than the 11% Fe containing black when used in making 
medium and dark beige matches. 

3) la trying to determine what factor is influencing the difference in weathering performance of 
the IR reflecting black pigments, the relative Fe content, surprisingly, showed no correlation to 
the weathering results. This held true either as individual pigments or in matched shades, As 
individual pigments the 18% Fe containing Pigment Black 30 showed better weathering results 
than the -1 1% Fe containing Pigment Green 17. In the matched shades, the samples based on the 
-34% Fe black pigment contain the highest amounts of Fe, However, the medium and dark beige 
weathering results clearly showed the shades based on the -34% Fe black to weather better than 
the matches based on the -1 1% Fe containing black. 

4) The best correlation to weathering results is found looking at amount of black pigment used in 
the matched shades. As the amount of IR Reflecting black pigment increased in both tho Medium 
and Dark beiges, weathering results became poorer. However, although the trend is there, there is 
not enough data in this study to totally support this theory. One factor not discussed earlier is 
repon is that the Pigment Black 3 0 crystal b a spinel structure, while the Green 1 7 crystal is a 
hematite structure. Obviously not an "Apples to Apples" comparison. 

5) Weathering is not an exact science, therefore all work will be both repealed and expanded 
upon) II 



Future Work; 

To advance this work another study will be initiated utilizing a wider range of Pigment Black 
3 0's, Since a number of commercially available versions of this pigment exist which arc 
coloristically identical but differ in tinting strength, it would be expected that medium and beige 
shades based on the higher strength versions would weather better than the weaker version based 
on % black pigment content of the final shade. Another factor would be 10 weather the individual 
pigments both at equal loading and at equal L" values. 

Since it is possible also to vary the shade of Pigment Black 30 from the green/blue shade to a 
more red/yellow shade, but niaintain the identical % Fe content and spinel crystal structure, 
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pigments of this type will be included to determine the effect of the ovenlJ wmpoiition jmd _will 
Ee^ofthewlorisric differences when comparing the Pigment Black 30 chemistry Green 



climate some 
17 types, 



The author would like to think B . Bier who spent many hours prepanrvg and evaluating Ihe 
Cerdec Corporation for the penriHion to publish this paper. 
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IR Reflecting Blacks - Color 
Space 




Value 



CIEIAB 111. D65 @ lOdeg., SCI 



Light Beige Formulas 

Average Composition - In phr 





Crf«NIUn(17% Fe) 


CrFe(H%F«> 


CrFe{a4% FeJ 


Pifrnml Brown 
24<CfSb-n) 


0.174 


0.149 


0.174 


Pigment Yelow 
1W(MnSbT1) 


0.035 


OD07 




Pigment Black 
30(CrFeNlMn) 


0.04 






Pigment Green 
17(Crf=e-11% Fe) 




0.072 




Pigment Green 
17(CrFe-34% Fe) 






0.047 


Chrome OaMe Graen 




0.03 


0.04* 


Total Pigment Loading: 


0.24* 


0.231 j 0-214 



10 phr T102 - Matehee have DE<0.6 v». Std. 



.01 22:00 FAX 06 6942 2313 m'W^ * TOWN SEND 

C««H] ¥15.03.07 
[WSP] ¥10-245818 (13.07.04) H 



Med. Beige Formulas 

Average Composition - In phr 



Plgmtrt Drawn UtOrSfcT) 


Ci#«HWW17* Fil 
•Jll 


0l7SX 








0.127 


AM4 














t.ui 




pigment d»*i ir(Crf H 








ClMfMCMdidiMn 












1.19 





10 phr Ti02 - Matches have DE<0.6 vs. 



Dark Beige Formulas 



Average Composition - In phr 







CrfefllKFel 


nttM Ft) 1 


Pbynort Brw*24(Cr$bTl) 


1.M3 


1.65B 




ftpimi Teflow l«4(MnSbTi) 


0J» 


fl.314 






QJ44 










1.436 


















0.06$ 


TotiiPlgnMfltLDadhia: 


3.421 


| 3.401 





10 phrT102 • Mate** haw OE<0.8 v». SW. 
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IR Reflectance of Black Pigments 

IR Reflectance(%) vs. Wavelength(nm) 




700 750 800 8S0 900 950 1000 1050 1100 



-*-Crf eNIMn. 18% Fe -»CrFe, 11% Fa *-CrFe, 34% Fe 



IR Blacks - Heat Build-up 

Temperature(deg. C) vs. T!me(mln.) 




8" bulb height - Equil L* valu«i(87.0*/- 0.S) 
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IR Reflectance - Light Beiges 

IR Reflectance(%) vs. Wavelength (nm) 



% Reflectance 




700 750 800 «50 900 950 1000 1050 1 100 
Wavelength (nm) 



^CrFeNiMn, 18% Fe *-Crfc, 11% Fe -»CrFe, 34% Fe| 



Light Beige Heat Build-up Results 

Temp.(Deg. C) vs. Time(min.) 



Temperalum(deg.C) 




0 12 345 6769 10 
l*-CrFeNiMn, 1S% Fe ^CrFe, 11% Fe ^CrFe, 34% Fa ] 
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IR Reflectance - Med. Beiges 

IR Reflectance(%) vs. Wavelength(nm) 



% Reflectance 




Wwltnflth(pm) 

I ^CrFeNIMn, 10% F« ^CrFe. 11% F e *-Crfc. 34% 



Med.Beige Heat Build-up Results 

Temp.(Deg. C) vs. Time(min.) 



Temp.(deg.C) _ 


















O 1 2 3 4 5 6 7 6 9 10 

Tlme(mm.) 

- l^rrfmNiMn. 18% Fe +CrF«. 11% F» *CrFe, 34% re] 

FlgtnlO 
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IR Reflectance - Dark Beiges 

IR Reflectance(%) vs. Wavelength(nm) 

% Reflectance 



to 




700 760 800 850 900 950 1 000 1050 1100 
Wavet©ngth(nm) 



j^CrfflNIMn, 18% Fe «»CrFe, 11% Fe -*CfFe, 34% Fe| 



Dark Beige Heat Build-up Results 



Temp.(Deg. C) vs. Time(min.) 



Ternp.(deg.C) 




l^-CrfoNiMn, 18% Fe -+-CrFe. 11% Fe -»CrFe, 35% Fe| 
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Black Pigment Weathering 

S. Florida - 1 year 





CrFeNlMn(17%Fe) 


CrFa{ir/oFe)j 




CrFe<34%Fft) 


1phf Pigment: 
8.5phrTi02 


Avg. L*-e7.7 


Avg.L* = 
70.8 
. 


Avg. L* ■ 
65.4 


Delta L* 


1.63 


2.81 


3.49 


DeKa a* 


-0.27 


•0.37 


•0.74 


Delta b* 


1.35 


0.73 


1.13 


Delta E 


2.11 


2.63 


1 3J4 



CIELAB in.D65©10dafl., SCI 



Average Weathering Results 



S. Florida - 1 year 




CIELAB III. 065©lOdag.. 
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Avg. Fe Content -in phr 



Pigment 


Lgt 
Beige 


Med. 
Beige 


Dk. 
Beige 


C.I. Pig. Black 30(18% Fe) 


O.007 


0.031 


0.134 


C.I. Pig. Green 17(11% Fe) 


0.008 


0.041 


0.156 


C.I. Pig. Green 17(34% Fe) 


0.015 


0.078 


0.2B1 



Avg. Black Pigment Content - in phr 



Pigment 


Lgt 

Beige 


Med. 
Beige 


Dk. 
Beige 


C.l. Pig. Black 30(18% Fe) 


0.04 


0.173 


0.744 


C.I. Pig. Green 17(11% Fe) 


0.072 


, 0.373 


1.436 


C.l. Pig. Green 17(34% Fe) 


0.043 


0.229 


0.825 



Flgwvlt 
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General Information: 

Materials/Pigments: 

R-FVC Compound - Tin Mercaptide Stabilized Compound 

Titanium Dioxide * Industry standard, encapsulated nitile grade 

Pigment Brown 24 - CrSbTi, rutile structure 

Pigment Ydlow 164 - MnSbTl, nidle structure 

IR Reflecting Blacks: 

Pigment Black 30 - CrPeNiMh, spinel structure - apptox. 18% as Fe 
Pigment Green 17 - CrFe, Hematite structure - approx. 11% as Fe 
Pigment Green 17 - CrFe, Hematite structure - approx. 34% as Fe 



Colorimeiric Values of Standard Shades: 

11 12 

light Beige 87.5 -0.2 

Medium Beige 76.5 0.7 
Dark Beige $4.9 l>2 





£ 


s 


7.8 


7.8 


91.7 


11.4 


11.4 


86.3 


10.1 


10.2 


83.5 



Color Measuremeot:(fbr all leadings) 

QELAB niuminant D65 @ 10\ Spectral Component Included 

Weathering; 

Test Method: A5TM #G7-89 - mounted at 45 a facing due South 
Location; Miami, FL 
Start Date: March 3, 1995 



